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ABSTRACT 

Background IK program for banking, characterizing, and distributing 
placental blood, also called umbilical-cord blood, for transplantation 
provided grafts for 562 patients between August 24, 1992. and January 
30, 1998. We evaluated this experience. 

Methods Placental blood was stored under liquid nitrogen and selected 
for specific patients on the basis of HLA type and leukocyte content. 
Patients were prepared for the transplantation of allogeneic 
hematopoietic cells in the placental blood and received prophylaxis 
against graft-versus-host disease (GVHD) according to routine 
procedures at each center. 

Results Outcomes at 100 days after transplantation were known for all 
562 patients, and outcomes at 1 year for 94 percent of eligible recipients 
The cumulative rates of engraftment among the recipients, according to 
actuarial analysis, were 81 percent by day 42 for neutrophils (median 
time to engraftment, 28 days) and 85 percent by day 180 for platelets 
(median, day 90). The speed of myeloid engraftment was associated 
primarily with the leukocyte content of the graft, whereas 
transplantation-related events were associated with the patient's 
underlying disease and age, the number of leukocytes in the graft, the 
degree of HLA disparity, and the transplantation center. After 
engraftment, age, HLA disparity, and center were the primary predictors 
of outcome. Severe acute GVHD (grade III or IV) occurred in 23 percent 
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of patients, and chronic GVHD occurred in 25 percent. The rate of relapse among recipients with 
leul<emla was 9 percent within the first 100 days, 17 percent within 6 months, and 26 percent by 1 
year. These rates were associated with the severity of GVHD, type of leukemia, and stage of the 
disease. 

Conclusions Placental blood is a useful source of allogeneic hematopoietic stem cells for bone 
marrow reconstltution. 



Transplantation of hematopoietic stem and progenitor cells from placental blood, also called umbilical-cord 
blood, from unrelated donors can restore the fiinction of bone marrow and sustain hematopoietic recovery 
in both related and unrelated recipients.i'-^i^ For patients for whom no suitable related donor is available, 
this source of hematopoietic stem cells offers substantial advantages, notably the relative ease of 
procurement; the absence of risk to the donor; the small likelihood of transmitting clinically important 
infections, especially cytomegalovirus (CMV) and Epstein-Barr virus (EBV); the low risk of severe 
graft-versus-host disease (GVHD)^^^'^; and the rapid availability of placental blood to transplantation 
centers.^^ The reduced severity of GVHD after the infijsion of allogeneic placental blood, as compared 
with transplantation of bone marrow from unrelated donors, permits the use of transplants from 
HLA-mismatched donors and improves the odds of finding donors for patients with uncommon tissue 
types. Our efforts to make placental blood available for transplantation began in 1992, with the creation of 
the Placental Blood Program at the New York Blood Center.^'^^ As of June 1998, the program had 
provided 676 placental-blood grafts for recipients unrelated to the donors. We assessed the outcomes of all 
562 transplantations performed from August 24, 1992, through January 30, 1998, and examined factors 
related to the effectiveness of placental-blood transplantation. 

Methods 



Harvesting of Placental Blood and Collection of Data on Donors 

Placental-blood units were collected from freshly delivered placentas at Mount Sinai Medical Center and 
Brooklyn Hospital Medical Center in New York. (A unit is the blood collected from a single donor, after 
processing and testing.) Trained staff members harvested blood from the placentas and obtained specimens 
of the mothers' blood and infants' saliva, obtained informed consent, and abstracted data from the mothers' 
interviews and the mothers' and infants' medical records.2 For purposes of consent and analysis, the mother 
was considered to be the donor. Variables identifying the donor are confidential and are available only 
under special circumstances (such as the finding of a new transmissible disease in a placental-blood 
recipient) to project staff members and public health authorities. Our procedures were approved by the 
institutional review boards of the New York Blood Center and both hospitals. 

Processing and Cryoprotection 

Processing of placental-blood units began within 28 hours of collection. The fu-st 3687 units were 
ciyopreserved by the addition of an equal volume of 20 percent dimethyl sulfoxide (Fisher Scientific, Fair 
Lawn, N.J.).2 In subsequently collected units, the volume was reduced to 20 ml by removal of excess 
plasma and red cells before ciyopreservation with 5 ml of 50 percent dimethyl sulfoxide (Cryoserv, 
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Research Industries, Salt Lake City) in 5 percent dextran 40 (Baxter Healthcare, Deerfield, 111.), in the 
cold.-^ Units were immersed in liquid nitrogen for storage, then forwarded to the transplantation centers in 
special containers called dry-shippers (at temperatures below -145°C) by overnight-delivery services or by 
transplantation-center personnel. The recommended thawing procedure has been described previously.^ 

Testing and Typing of Placental Blood 

In addition to routine serologic screening for infectious agents,^ placental-blood units and samples of the 
mothers' blood were tested for CMV-specific IgM antibodies (CMV-M EIA diagnostic kit, Abbott 
Laboratories, North Chicago, 111.). After the first 3890 units had been harvested, we began to collect saliva 
samples fi-om all newborns and cultured them for CMV by a shell-vial method (carried out by Dr. Robert 
Pass, University of Alabama, Binmngham).-^' HLA-A and B antigens were determined serologically.-^ 
HLA-DRBl alleles were determined at low-to-intermediate or high resolution in genomic DNA by 
hybridization with allele-specific oligonucleotide probes after a polymerase-chain-reaction (PCR) assay 
with a locus-specific or group-specific primer. "Resolution" refers to the capacity of the HLA-typing 
process to identify discrete alleles within a group that encodes a common antigenic determinant. 
Low-resolution DNA typing is similar in accuracy to serologic typing of HLA antigens. All units were 
selected on the basis of the results of high-resolution DRBl DNA typing, except for the first 14. Tests for 
hemoglobinopathies and other genetic diseases were perfonned before transplantation, as determined to be 
appropriate, on the basis of family history and ethnic background. 

Selection of HLA-Matched Units 

Units fi-om donors who were matched with a potential recipient for at least five of the recipient's six 
HLA-A, B, and DR antigens at low resolution (5/6 of the possible matches) or, if requested, for four of six 
antigens (4/6 of the possible matches) were reported as candidate units, with blanks at the same locus 
considered matches. The finding of such matching units is currently reported within 48 hours after the 
Placental Blood Program receives a completed search-request form fi-om a transplantation center. The HLA 
types, including DRBl alleles identified at high resolution, of all patients and donors were confirmed by 
our laboratory and, usually, also by the laboratory at the transplantation center. Donors were selected by the 
physicians at the ti^ansplantation center after review of the available options with medical personnel at flie 
Placental Blood Program. 

Transplantation and Follow-Up 

Transplantation centers provided information on the diagnosis and stage of disease for each recipient and 
used their own protocols for cytoreduction and prophylaxis against GVHD. Centers reported on the 
outcome of ti^ansplantation and any complications at periodic intervals during follow-up. Ambiguities in 
these reports were resolved and missing data were obtained, whenever possible, by contact between one or 
more of tiie investigators and tiie staff at the ti-ansplantation center. 

End Points 

Data on outcomes for at least the first 100 days after transplantation were received for the first 562 
consecutive patients who received placental-blood grafts. We evaluated the staUis of these patients at the 
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last follow-up report (July 1997 through July 1998). Hematopoiesis by donor cells was ascertained by 
testing for cells with the donor's HLA antigen, sex, or microsatellite markers, or a combination, in the 
recipient's blood. Myeloid engraftment was defined as an absolute neutrophil count of 500 per cubic 
millimeter or higher on three consecutive days, and platelet engraftment as a platelet count of 50,000 per 
cubic millimeter or higher without transfiision support for seven consecutive days. Time to myeloid or 
platelet engraftment was defined as the time required to reach the first day of engraftment of the relevant 
cell. 

Secondary graft failure was defined as the loss of an engrafted transplant. Acute and chronic GVHD were 
diagnosed and graded for each target organ and overall at each transplantation center. Event-fi-ee survival 
denotes the post-transplantation period during which the patient had not received a second graft (placental 
blood or a bone marrow allotransplant or a frozen "backup" marrow autograft) and had no signs of 
autologous reconstitution or relapse. Transplantation-related complications were death, autologous 
reconstitution, or infusion of a second graft. In the analysis of transplantation-related events, data on 
patients who had relapses were censored at the time of relapse to make this end point comparable for 
leukemia or lymphoma and for non-neoplastic diseases. 

Statistical Analysis 

The proportion of patients who had engraftment at various times, the incidence of transplantation-related 
events, and event-free survival were estimated by the Kaplan-Meier method.-^ In assessing the association 
of variables with the rates of event-free survival, transplantation-related events, and relapse, we used the 
generalized Wilcoxon (Breslow) statistic in univariate analyses (in which comparisons are weighted 
according to the number of patients at risk at each time point, a process that emphasizes the early 
post-transplantation period). In univariate comparisons of variables affecting the speed of engraftment, we 
used the nonweighted log-rank statistic. Categorical data in cross-tabulation tables were compared with use 
of Fisher's exact test, Pearson's chi-square, or Mantel-Haenszel's (linear-by-linear) chi-square, all 
two-tailed, and logistic regression (for multivariate analysis). Multivariate analyses of time to engraftment 
and survival distributions were performed with use of Cox logistic regression^^ under the assumption of 
proportional hazards with all analyzed variables in the model. All statistical analyses were carried out with 
software torn the Statistical Package for the Social Sciences (SPSS, Chicago). 

Results 

Collection of Placental Blood 

Collection of placental-blood units began on February 1, 1993; by June 30, 1998, 7705 units were in the 
inventory. Roughly 45 percent of donors were white, 20 percent Hispanic, 20 percent black, 4 percent 
Asian, and 10 percent of mixed ancestry. 

Search Requests 

Between May 1993 and June 1998, we performed searches for suitable transplants for 6497 potential 
recipients from 290 transplantation centers. The distribution of ethnic groups among these patients 
resembled that of the donors, except that 72 percent of the recipients were white. Given the size of our 
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current inventory, a 6/6 HLA match would be found for 6.8 percent of patients for whom a search request 
was submitted, and a 5/6 match at a conventional level of resolution would be found for another 53 percent. 
Sixty-six percent of white patients, 57 percent of Hispanic patients, and 38 percent of black patients would 
find a 5/6 or 6/6 antigen match at seroequivalent resolution. 

Transplantation 

By January 30, 1998, each of the 98 transplantation centers (see the Appendix) had performed at least one 
placental-blood transplantation; 2 were done in 1993,^ 15 in 1994, 89 in 1995, 209 in 1996, 228 in 1997, 
and 19 in January 1998, for a total of 562 patients. These patients had either no suitable bone marrow donor 
or urgent medical indications for transplantation. Table 1 shows the salient characteristics of the 562 
recipients. According to the criteria of the Intemational Bone Marrow Transplant Registry^^ for describing 
the stage of acute lymphoblastic leukemia (ALL), acute myelogenous leukemia (AML), or chronic 
myelogenous leukemia (CML), 1 7 percent of all the patients with these types of leukemia were in the early 
stage and one third in the advanced stage of disease. Forty-five patients had received prior marrow 
transplants, 25 of which were autologous. 

View this table: Table 1. Demographic and Clinical Characteristics of 562 Patients Who Received 
[m this window] Transplants of Placental Blood fiom Unrelated Donors, 

Fin a new window] 



Myeloid and Platelet Engraftment 

The oldest patient with successful myeloid engraftment was 58 years old. The heaviest patient (1 16 kg) in 
whom myeloid cells engrafted was also the patient who received the lowest number of placental-blood 
leukocytes (7 million leukocytes per kilogram of body weight, before blood processing). Myeloid 
engraftment did not occur in 160 patients; 102 died before the absolute neutrophil count reached 500 per 
cubic millimeter. Among the remaining 58 recipients, 13 had autologous reconstitution, 29 received backup 
grafts of autologous or allogeneic marrow or another unit of placental blood (between day 14 and day 89; 
median, day 42), and 16 relapsed before myeloid engraftment. The time to reach an absolute neutrophil 
count of >500 per cubic millimeter ranged &om 10 days to 4 months, with medians, estimated by 
Kaplan-Meier analysis, of 28 days for all patients who underwent transplantation and 25 days for those in 
whom engraftment occurred. According to Kaplan-Meier estimates, 81 percent of patients reached an 
absolute neutrophil count of >500 per cubic millimeter by day 42 (Table2), and 91 peixjent by day 60. The 
likelihood of successfiil engraftment was significantly reduced among patients with Fanconi's anemia, 
severe aplastic anemia, or CML and for patients treated at transplantation centers outside the United States, 
Successfiil myeloid engraftment was associated with younger age, a higher number of nucleated cells in the 
placental-blood unit per kilogram of body weight, and the absence of HLA mismatching (Table 2\ Except 
for age, each of these associations remained significant in the multivariate analysis. 
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View this table: Table 2. Cumulative Incidence of Myeloid Engraftment by Day 42 among Recipients 
[in this window] of Placental-Blood Transplants from Unrelated Donors. 
Fin a new window] 



The time to myeloid engraftment correlated significantly with the recipient's age, the number of leukocytes 
per kilogram in the graft (Figure lA), the type of disease, the extent of HLA disparity, and the 
transplantation center, although age was not independently predictive in multivariate tests. With the sample 
limited to patients who reached an absolute neutrophil count of >500 per cubic millimeter, only the number 
of leukocytes per kilogram in the placental-blood graft correlated with time to myeloid engraftment. 

Figure 1. Kaplan-Meier Estimates of the Time to Myeloid and Platelet 
Engraftment after Placental-Blood Transplantation, According to the 
Dose of Leukocytes Transfiised. 

Myeloid engraftment (Panel A) was defined as the achievement of an 
absolute neutrophil count (ANC) of 500 per cubic millimeter or higher on 
three consecutive days, and platelet engraftment (Panel B) as the 
achievement of a platelet count of 50,000 per cubic millimeter or higher 
without transfiision for seven consecutive days. The dose of leukocytes 
was expressed as the number of nucleated leukocytes in the transplant per 
kilogram of the recipient's body weight. Each cross denotes a patient 
whose data were censored (because of death, autologous reconstitution, 
relapse, or receipt of a second marrow or placental-blood transplant) 
before engraftment. Data on myeloid engraftment were unavailable for 16 
patients, and data on platelet engraftment were unavailable for 66. P 
values were derived with use of the log-rank statistic. 

View larger version (19K): 
[in this window] 
Fin a new window] 




The status of platelet engraftment was known for 496 patients. The time to reach a platelet count of >50,000 
per cubic millimeter ranged from 16 to 250 days (median, 90 days for all patients and 71 days for patients 
who reached this end point). According to Kaplan-Meier analysis, 58 percent of patients (95 percent 
confidence interval, 52 to 66 percent) had platelet engraftment by day 1 00 and 85 percent by day 1 80 (95 
percent confidence interval, 79 to 91 percent). In the univariate analysis, the timing of platelet engraftment 
was associated with the recipient's disease, age, number of leukocytes per kilogram (Figure 1B\ whether 
infection occurred after transplantation, and presence or absence of GVHD, but not with the extent of HLA 
disparity or the fransplantation center. In the multivariate analysis, only age and infection after 
transplantation were significant in a model that included all these variables except GVHD (GVHD was also 
significant when included in the model). 

Secondary graft failure occurred in only six patients (whose grafts failed one to four months after 
transplantation), all of whom had active, ganciclovir-treated, post-transplantation CMV infection (P<0.001 
for the comparison with recipients without secondary graft failure). All six patients had anti-CMV 
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antibodies before transplantation, whereas no CMV-specific IgM antibodies were detectable in any of the 
six infants or theirmothers. Three of the six patients had severe acute GVHD (P= 0.09), and four were 12 
years of age or older (P= 0.07). There was no association between secondary graft failure and the number of 
leukocytes in the graft. 

GVHD 

Infonnation concerning acute GVHD was available for 399 patients. Of these, engraftment occurred in 381, 
6 had no detectable engraftment, and 12 had donor cells but did not attain an absolute neutrophil count of ' 
>500 per cubic millimeter. GVHD status has not yet been reported for 21 patients with engraftment and was 
not considered relevant by the center for 142 others without engraftment. Transplantation centers graded the 
overall severity of GVHD in 381 of the 399 patients for whom data on GVHD were available; grade 0 
(absence of signs of GVHD) in 1 18 patients (31 percent), grade I in 94 (25 percent), grade D in 84 (22 
percent), grade ffl in 43 (1 1 percent), and grade IV in 42 patients (1 1 percent). We used published 
guidelines'^ to assign an overall grade to another 18 patients whose reports gave organ-specific grades 
only; 2 were classified as having grade I GVHD, 1 1 as having grade II disease, and 5 as having grade III or 
rV disease. The severity of acute GVHD correlated with the patient's age, the extent of HLA 
incompatibility, the presence or absence of post-transplantation infection (though not with infection with 
any particular organism), and the transplantation center ( Table 3) . The frequency of severe GVHD (grades 
III and IV) was lower in patients with six of six HLA antigen matches than in other patients (P= 0.008) but 
did not otherwise correlate with the number of mismatches. In the multivariate analysis of GVHD, age (>12 
vs. <12 years) and location of center (United States vs. foreign) were variables significantly and 
independently associated with GVHD (grade 0 to II vs. grade HI or IV; P=0.005 and P=0.006, respectively), 
and HLA mismatching (0 vs. >1 mismatches) approached significance (P=0.06). 

View this table: Table 3. Graft-versus-Host Disease (GVHD) among Recipients of Placental-Blood 
[m this window] Transplants from Unrelated Donors. 
Fin a new window] 



Chronic GVHD, generally limited, was diagnosed in 48 patients but was a cause of death or contributed to 
death in only 3 cases. Among 158 patients who survived for six months or more, 39 (25 percent) had 
chronic GVHD (data on GVHD in an additional 52 surviving patients were unavailable). Chronic GVHD 
occurred in 80 percent of patients who had previously had severe acute GVHD, as compared to 1 8 percent 
of those who had not (P< 0.001), but the incidence of chronic GVHD did not correlate with the extent of 
HLA disparity or other study variables. 

Transplantation-Related Events and Event-Free Survival 

By 100 days after transplantation, 261 patients (46 percent) had had transplantation-related events: 13 had 
had autologous reconstitution, 30 had received second transplants (9 with placental blood and 21 with 
autologous or allogeneic bone marrow, 1 of them for secondary graft failure), and 218 died. In addition, 28 
patients with leukemia or lymphoma had relapses. Event-free survival for the first 100 days and the overall 
incidence of transplantation-related events other than relapse (Table 4. Figure 2A. Figure 2B. Figure 2C. 
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and Figure 2D ) correlated with recipient's diagnosis, age, the number of leukocytes in the transplant, the 
extent of HLA disparity, and the location of the transplantation center in univariate and multivariate 
analyses. The presence or absence of anti-CMV antibodies before transplantation was not associated with 
the incidence of transplantation-related events or with event-free survival. When we limited the 
multivariate analysis to patients with engraftment, the incidence of transplantation-related events correlated 
with age, the extent of HLA mismatching, and the location of the center, but not with the dose of leukocytes 
or the diagnosis (Table 4). The incidence of transplantation-related events among patients who received 
grafts with only one HLA mismatch (1 52 with a mismatch at HLA-A or HLA-B and 66 with a mismatch at 
HLA-DRBl) was not influenced by the class of HLA mismatch or the level of resolution in the typing of 
DR antigens (1 1 with high-resolution and 55 with low-resolution typing). Among recipients of grafts with 
two HLA-antigen mismatches, there was also no association between the incidence of 
transplantation-related events and the class of mismatch (9 with mismatches at HLA-DRBl only; 124 with 
mismatches at HLA-A, B, or both; and 128 with mismatches at both HLA-A or B and DRBl) or the 
resolution level of the detection of HLA-DR mismatches. 

View this table: Table 4. Relative Risk of Transplantation-Related Events. 

[in this window] 
fin a new window] 






Figure 2. Kaplan-Meier Estimates of the Cumulative Incidence of 
Transplantation-Related Events Other Than Relapse. 

Events included were death, autologous reconstitution, and receipt of a 
second transplant. Data were censored at the time of relapse or at the time 
of the last follow-up evaluation for patients without events (indicated by 
crosses). P values were derived with use of the generalized Wilcoxon 
statistic. Panel A shows events according to age. Panel B according to the 
leukocyte dose (the number of nucleated leukocytes in the transplant per 
kilogram of the recipient's body weight), Panel C according to the number 
of nusmatches at the HLA-A, B, and DR loci, and Panel D according to 
diagnoses. Numbers below the graphs are the numbers of patients at risk. 
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Viral Infection 

The risk of CMV infection after transplantation correlated strongly with the recipient's initial 
CMV-antibody status. Of the 500 patients for whom the pretransplantation CMV antibody status was 
known, CMV infection after transplantation occurred in 23 percent of 21 1 seropositive recipients and 3 
percent of 256 seronegative recipients (P<0.001). There was no evidence of CMV infection or 
CMV-specific IgM antibodies in the placental-blood units given to the seven initially seronegative patients 
in whom CMV infection developed or in the donors. EBV-associated lymphoproliferative disease has been 
reported thus far in two patients. The source of these infections is unknown. One patient had EBV 
encephalitis. 

Relapse 

Fifty-one patients with leukemia (14 percent) have had relapses thus far (20 of 177 with ALL, 23 of 124 
with AML, 4 of 48 with CML, and 4 of 14 with juvenile chronic myelogenous leukemia), as have 2 of the 
13 patients with lymphoma. The actuarial probability of leukemic relapse in patients with ALL, AML, or 
CML correlated with the stage of disease; by one year, 1 9 percent of the patients with early disease, 24 
percent of those with intermediate-stage disease, and 35 percent of those with advanced disease^ had 
relapsed (P=0.02). The incidence of relapse at one year was higher for patients with AML than for those 
with CML or ALL (30 percent, 18 percent, and 24 percent, respectively; P=0.003), partly because 50 
percent of cases of AML were advanced at the time of transplantation, as compared with 27 percent for 
ALL and CML (P<0.001). Thus far, only one relapse followed grade HI or FV GVHD (P=0.05), although 
only 12 patients with leukemia who had severe GVHD had survived six months or more as of the last 
reported follow-up evaluation. 

Causes of Death 

Infection was reported to have contributed to death in 47 percent of the deaths, pulmonary disease in 26 
percent, multiorgan failure in 12 percent, GVHD in 1 1 percent, and veno-occlusive disease of the liver in 7 
percent. The extent of HLA matching was not associated with any specific cause of death. 

Discussion 

Our study includes data on most of the placental-blood transplantations from unrelated donors performed in 
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the world thus far. The results indicate that placental-blood transplants regularly engraft, cause GVHD at a 
relatively low rate, and produce survival rates similar to those with transplantation of bone marrow fiom 
unrelated donors. The data from multiple transplantation centers on the outcomes of the 562 consecutive 
recipients of placental blood permit accurate estimates of the major end points. These data also provide the 
study with the statistical power for a more rigorous examination of the relation between end points and 
characteristics of the recipients and donors than was possible previously — for example, with the Eurocord 
Transplant Group's analysis.^ This analysis of 65 recipients of placental-blood transplants fiom unrelated 
donors (47 of whom received grafts supplied by the New York Blood Center) suggested that the 
CMV-antibody status before transplantation predicts the occurrence of GVHD and survival.^ By contrast, 
we found that the presence of antibodies to CMV was unrelated to either end point in our analysis of 562* 
patients, including the 47 cited above. Instead, the presence of anti-CMV antibodies in patients before 
transplantation was significantly associated with active post-transplantation CMV disease, the foremost 
correlate of secondary graft failure in our study. 

Among the variables associated with engraftment and transplantation-related events, the number of 
leukocytes per kilogram in the graft and the age of the recipient were correlated strongly with each other, 
confounding their individual associations with outcome. Multivariate analyses allowed us to separate these 
relations; although both the number of leukocytes per kilogram and the recipient's age were associated with 
the incidence of transplantation-related events, the number of transfixsed leukocytes per kilogram, but not 
age, correlated with the time to myeloid engraftment. Conversely, after engraftment, age correlated 
significantly with event-free survival, but the number of transplanted leukocytes per kilogram did not. The 
leukocyte content of the graft may relate principally to the speed and overall success of engraftment and 
only secondarily to transplantation-related events and event-free survival. Consequently, larger doses of 
leukocytes from larger placental-blood collections, or perhaps from hematopoietic precursors expanded ex 
vivo,- may accelerate engraftment, but improvement of event-free survival is less certain, particularly for 
older patients. ]n contrast to inferences about platelet reconstitution in other studies,^ both the probability 
and the timing of platelet engraftment in this study were similar to those observed after transplantation of 
bone marrow from unrelated donors.^^'^'^Q 

The rate and speed of myeloid engraftment were also associated with the degree of HLA compatibility in 
univariate and multivariate tests, as in some studies of fransplantation of bone marrowl^^Q ^ot all.l^ In 
the subgroup of patients with engraftment, however, there was no association between the degree of HLA 
compatibility and time to engraftment. HLA incompatibility was more frequent in recipients in whom 
engraftment failed than in recipients with engrafted transplants. This suggests a role for HLA 
alloimmunization in at least some placental-blood graft failures. Host factors may also underlie the poor 
engraftment seen in patients with Fanconi's anemia, severe aplastic anemia, and CML. As we 
anticipated,^^,! sgyg^e acute or chronic GVHD was less common in this study, despite the multiple HLA 
mismatches, than after transplantation of bone marrow from unrelated donors.-^-^^ Thus, it appears 
that placental-blood grafts that are mismatched for up to two HLA antigens can be used effectively in 
patients without HLA-identical related donors. 

Among the arguments in favor of storing placental blood for later use in autologous transplantation in the 
event that leukemia or other diseases develop is the fear of post-transplantation morbidity, including 
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GVHD, with grafts from unrelated donors.22 The transplantation of HLA-identical marrow is associated 

with a higher frequency of leukemic relapse, however, since such transplants induce weaker GVHD and 

graft-versus-leukemia efFects.^'24 Our data, though insufficient to prove graft-versus-leukemia effects, are 

in agreement with the results of bone marrow transplantation^ and suggest that the use of grafts of 

autologous placental blood may not be desirable in treating leukemia. An even more compelling reason to 

avoid the use of autologous placental blood grafts is the recent finding that leukemic cells are already 

present in the fetal and neonatal blood of patients diagnosed with leukemia at ages up to 9 and 1 0 
years.^26,27,28 

An effect of the location of the transplantation center emerged when we analyzed the rates of engraftment 
and survival after engraftment. The reasons for the disparity between U.S. and foreign centers were not 
conclusively identified, although some centers outside the United States reported that they did not reduce 
the concentration of dimethyl sulfoxide in placental blood after thawing, as recommended. The high 
osmolarity gradient facing cells on infiision causes cell death, thus reducing the dose of cells.-^ The 
location of the center also correlated with the rate of severe acute GVHD in multivariate analyses that 
included the dose of cells before freezing, age, and the degree of HLA compatibility, suggesting the 
involvement of additional unidentified factors, possibly differences in diagnostic criteria or in prophylaxis 
against and treatment of GVHD. 

We conclude that stored placental blood is a usefiil source of hematopoietic stem cells for patients who do 
not have a related histocompatible donor. Its effectiveness as a source could be enhanced by wider 
accessibility and by improvements that would speed engraftment and lessen early morbidity. These 
enhancements would have to involve adequate international standards to permit worldwide cooperation 
among placental-blood banks. Other potential improvements will emerge from studies that focus on 
variables that influence placental-blood engraftment and on the prevention of GVHD. 
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